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Abstract-This paper offers a critical appraisal of the various methods employed to date to measure 
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I. INTRODUCTION 
Much of the recent debate on inequalities of health 
in Britain and elsewhere dates back to the Black 
Report [ 11. This concluded that, despite the setting up 
of the National Health Service in 1948, inequalities in 
mortality in England and Wales have been increasing 
ever since the 1930s. This conclusion has been 
challenged on a number of grounds, one being that 
the measure of inequality used-a variant of the 
range-was too crude and failed to take into account 
changes that will have tended to reduce inequality [2]. 
This led several researchers to investigate trends in 
inequalities in health using more sophisticated 
measures of inequality. However, the conclusions of 
these studies differ markedly: Le Grand et al. [2,3] 
argue that inequalities in mortality have actually 
narrowed over the period in question, whilst other 
authors using different measures of inequality [4-6] 
argue the opposite. 
It is surprising in view of both these radically 
different findings and the sheer amount of literature 
on inequalities in health that so little attention has 
been paid to the question of how health inequality is 
best measured. The primary objectives of this paper 
are, therefore, first to provide a critical review of the 
various measures of inequality that have been em- 
ployed in the literature on inequalities in health to 
date and second to identify which measures are best 
suited to measuring health inequality. In Section 2 of 
the paper we identify six measures of inequality that 
have been employed in the literature to date, but 
argue that only two of these are really suited to the 
measurement of inequalities in health. The secondary 
purpose of the paper is to illustrate the usefulness of 
measures of inequality in comparative studies of 
health inequality. In Sections 3 and 4 we examine 
how measures of inequality can help in assessing 
trends in and cross-country differences in inequalities 
in morbidity (Section 3) and mortality (Section 4). 
*This paper derives from the European Community’s 
COMAC-HSR project on Equity in the Finance and 
Delivery of Health Care. 
2. MEASURING INEQUALITIES IN HEALTH 
The six measures of inequality that have been used 
to date in the literature on inequalities in health are: 
the range, the Gini coefficient (and the associated 
Lorenz curve), a pseudo-Gini coefficient (and an 
associated pseudo-Lorenz curve), the index of 
dissimilarity, the slope index of inequality (and the 
associated relative index of inequality) and the 
concentration index (and the associated concen- 
tration curve). 
The range 
This is the most frequently encountered measure of 
inequality in the literature on inequalities in health. 
Its use typically involves comparing the experiences 
of the top and bottom socioeconomic groups. 
Sometimes this comparison is presented in the form 
of the range itself: thus, for example, Lahelma and 
Valkonen [7] note that in Finland in 1964 there was 
a 17.5 percentage point difference between the top 
and bottom income groups in chronic illness rates. 
More often, however, the comparison is presented as 
the ratio of one extreme value to the other: thus the 
Black Report draws attention to the fact that in 
1970-71 “men and women in occupational class V 
had a two-and-a-half times greater chance of dying 
before reaching retirement age than their professional 
counterparts in occupational class I” [I, p. 511. 
The defects of the range are obvious. First, it 
overlooks what is going on in the intermediate 
groups. The gap between the top and bottom groups 
might, for example, remain unchanged, but the extent 
of inequality between the intermediate groups might 
well be diminishing (or increasing). The authors of 
the Black Report were, in fact, well aware of this 
problem, noting, for example, that whilst the position 
of social class V improved between the 1959-63 and 
1970-72 Decennial Supplements, the position of social 
class IV actually worsened (1, p. 671. The second 
problem with the range is that it takes no account of 
the sizes ofthe groups being compared. This can lead 
to misleading results when comparisons are per- 
formed over time or across countries. For example, 
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amongst males in England and Wales aged 15-64, 
social class I (professional) increased in size by 178% 
between 1931 and 1971, whilst social class V 
(unskilled) decreased by 35% [2, p. 141. The range 
measure overlooks this and therefore fails to take into 
account that the low death rates of the top social class 
now apply to a larger proportion of the population 
and that the high death rates of the bottom class 
apply to a smaller proportion. Clearly, the same 
problem arises in the context of cross-country 
comparisons if the various groups are not all the same 
size in each of the countries being compared. 
The Lorenz curve and Gini coe#cient 
Various authors [2-4,8-lo] have suggested 
measuring inequalities in health using Lorenz curves 
and Gini coejicients. Le Grand et al. [2, 3, 8,9] are, in 
fact, the only authors to date who have employed a 
true Lorenz curve. Their approach is illustrated in 
Fig. 1. The Lorenz curve-the curve labelled 
ghah(h)-plots the cumulative proportions of the 
population (starting with the sickest person and 
ending with the healthiest) against the cumulative 
proportions of health. (The h in brackets here is to 
emphasize that individuals are ranked by their 
health.) If health is equally distributed, the Lorenz 
curve coincides with the diagonal. Otherwise it lies 
beneath the diagonal. 
The further the Lorenz curve is from the diagonal, 
the greater the degree of inequality. The area between 
the Lorenz curve and the diagonal (expressed as a 
proportion of the area beneath the diagonal) provides 
a measure of inequality. This measure, denoted below 
by G, is the Gini coeficient. Since twice the area under 
the diagonal is equal to one half (the axes range from 
0 to l), the Gini coefficient is equal to twice the area 
between the Lorenz curve and the diagonal, or equiv- 
alently one minus the area under the Lorenz curve. It 
ranges from 0 (when there is complete equality and 
the Lorenz curve coincides with the diagonal) to 1 
(when all the population’s health is concentrated in 
the hands of one person and the Lorenz curve is 
J-shaped). 
The attractions of the Lorenz curve are clear: it 
reflects the experiences of all persons and not just 
those in, say, social classes I and V; moreover, 
because it does not involve stratifying the population 
o;k&- 6&b J 
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Fig. I. Health Lorenz curve. 
by social class, it allows one to side-step all the 
problems associated with classifying people by social 
class, including the problem of changing class sizes. 
But the absence of a stratifying variable does mean 
that Le Grand and his colleagues end up addressing 
a different question from that being addressed in the 
bulk of the literature on inequalities in health, namely 
‘To what extent are there inequalities in health that 
are systematically related to socioeconomic status?’ 
That the analysis fails to capture the socioeconomic 
dimension to inequalities in health is obvious. Any 
change in the distribution of health that keeps the 
mean level of health the same but involves a sick 
person getting healthier and a healthy person getting 
sicker is registered as a reduction in inequality in 
health irrespective of the socioeconomic status of the 
persons concerned. Inequality as measured by Le 
Grand and colleagues would still fall even if the sick 
person getting healthier were a member of social class 
I and the healthy person getting sicker were a member 
of social class V. Thus the fact that the Gini coeffi- 
cient for age-at-death (Le Grand’s measure of health) 
has fallen in England and Wales since 1941 is perfectly 
consistent with there having been increasing socioeco- 
nomic inequalities in age-at-death during this period. 
Whether this insensitivity of the Lorenz curve to 
the socioeconomic dimension of inequalities in health 
is a defect depends clearly on the question one is 
seeking to answer. It clearly is a defect if one takes 
the view-as many do-that what is interesting-and 
indeed worrying-about inequalities in health is not 
that they exist, but that they mirror inequalities in 
socioeconomic status [ 111. 
Pseudo Lorenz curves 
At a first glance it would seem that Preston er al. 
[4] and Leclerc et al. [lo] overcome this defect. 
Though they also claim to employ the Lorenz curve, 
their approach is in fact quite different from that of 
Le Grand and his colleagues. They employ grouped 
data rather than individual-level data. The groups, 
however, are not health classes (as would have been 
expected given Fig. l), but rather occupationalclasses. 
These classes are then ranked by their mortality, 
beginning with the class with the lowest mortality. 
The ‘Lorenz’ curve as used in Refs [4] and [lo] thus 
graphs the cumulative percentage of the population- 
grouped into occupational classes which are then 
ranked by health-against the cumulative percentage 
of deaths. 
Because the population is assigned to groups 
according to their social class rather than health (even 
though the classes are then ordered by their health) 
means that the curve is not actually a Lorenz curve 
at all. Nonetheless, this pseudo-Loren: curve-like 
the true Lorenz curve-still fails to reflect the socio- 
economic dimension to inequalities in health, the 
reason being that classes are ordered according to 
their health. This means that the approach would be 
unable to differentiate between a situation where the 
sickest socioeconomic group of the population is 
made up of millionaires and one where the sickest 
socioeconomic group is made up of unskilled manual 
workers [2, p. 231. 
One implication of this is that it will register 
positive inequality ecen when no class gradient exists. 
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Social class 
Fig. 2. Hypothetical distribution of health across social 
classes. 
Consider Fig. 2. The three classes are identical in size. 
Classes I and III enjoy the same mean health status, 
but members of class II are less healthy. There is, 
however, no class gradient. Despite this, the pseudo- 
Lorenz curve lies beneath the diagonal (Fig. 3)- 
classes are ordered as II, III and I-and the 
pseudo-Gini coefficient is positive (its value in this 
case is 0.133). The pseudo-Lorenz curve would also 
fail to detect a reversal in the class gradient of the 
type that occurred in mortality from heart disease in 
the 1950s [12]. To see this compare Figs 4 and 5. In 
Fig. 4 the class gradient favours the lowest class (as 
was the case with mortality from coronary heart 
disease up to the 195Os), whilst in Fig. 5 the gradient 
favours the highest class (as has been the case with 
mortality from coronary heart disease since the 
1950s). Yet the pseudo-Lorenz curves and pseudo- 
Gini coefficients for the situations depicted in Figs 4 
and 5 are identical. Indeed, they are identical to the 
Lorenz curve and Gini coefficient for the situation in 
Fig. 2. 
The index of dissimilarity 
Another index of inequality that has been used in 
the literature on inequalities in health [4,6] is the 
index of dissimilarity. Suppose there are j = 1, . . ., J 
socioeconomic groups. Then the index of dissimilar- 
ity (ID) is 
100% 
60% 
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Fig. 3. Lorenz curve for Fig. 2. 
Social class 
Fig. 4. Hypothetical distribution of health across social 
classes. 
where sjh is the jth group’s share of the population’s 
health and s,~ is the jth group’s population share. The 
greater the difference between sjh and s,~, the greater 
the degree of inequality. To calculate the degree of 
inequality one takes the absolute value of these 
differences, sums them up and divides by 2. 
Before considering the defects of ID as a measure 
of inequality in the present context, it is worth noting 
that ID is similar to the Information Theory (IT’) 
approach to the measurement of inequality [13]. To 
see the similarity note that on individual-level data 
with i = 1 , . . .,n individuals the ID would be 
ID=$,]s,-(l/n)]. 
Thus under complete equality everyone’s share of 
health would be equal to their population share. 
Compare this with the following variation on the IT 
theme which-like ID-implies an absolute distance 
concept [ 141 
IT = ;Ci[s: - (l/n)2]. 
The similarity to ID is obvious. 
Given the similarities between ID and IT, it is clear 
that ID will have similar properties to IT. Though 
this would make it attractive in another context (e.g. 
the measurement of income inequality), it makes it 
singularly unattractive in the present context, euen IY 
the data are aggregated into socioeconomic groups. 
The defect is obvious. The ID suffers from the same 












Ill II I 
Social class 
Fig. 5. Hypothetical distribution of health across social 
classes. 
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above: it is insensitive to the socioeconomic dimen- 
sion to inequalities in health. What matters in the ID 
is simply how each socioeconomic group’s share of 
the population’s health compares with its population 
share, not how this disparity compares with the 
socioeconomic group’s socioeconomic status. The ID 
would, for example, register a positive value even 
u+ren o class gradient exists. For example, the data 
in Fig. 2 give an ID value of 0.133. Moreover, the ID 
would fail to detect a reversal in the class gradient as 
in Figs 4 and 5: indeed, in both cases the ID takes the 
same value as in Fig. 2. 
Both of these difficulties emerge in Koskinen’s (61 
analysis of trends in cause-specific inequalities in 
mortality in England and Wales. In an attempt to 
overcome them Koskinen puts a + sign in front of 
the ID value if there is no clear class gradient and a 
minus (plus) sign if the gradient seems to favour the 
lower (upper) socioeconomic groups. Thus the ID for 
male mortality from leukemia is + 1.6% in 1961 and 
- 1 .O% in 1971, whilst the ID value for male 
mortality from ischaemic heart disease is -2.9% in 
1951 and +2.6% in 1961. Clearly this introduces a 
substantial element of arbitrariness into the measure- 
ment exercise (when is a gradient not a gradient?) and 
a considerable amount of confusion into the 
interpretation of the results (how is + 1.6% to be 
compared with - I .O%?). 
The slope and relative indices of inequakty 
Unlike the Lorenz curve, the pseudo-Lorenz curve 
and the ID, the slope index of inequality [4,5, 151 and 
its relative difference counterpart-the relative index 
of inequality-do reflect the socioeconomic dimen- 
sion to inequalities in health. The approach involves 
calculating the mean health status of each socioeco- 
nomic group and then ranking classes by their socioe- 
conomic status (not by their health). The height of 
each bar in Fig. 6 represents the mean health status 
of the class in question and the width represents the 
fraction of the population in the class. The slope index 
of inequality (SII) is then defined as the slope of the 
regression line showing the relationship between a 
class’s health status and its relative rank (R,) in the 
socioeconomic distribution. It can be interpreted as 
the absolute effect on health of moving from the 
lowest socioeconomic group through to the highest 
]41. 
Because the data are grouped data, the error term 
of the regression equation is heteroskedastic [16, 
p. 323; 17, p. 2681. Ordinary Least Squares (OLS) is 
therefore inefficient, although still unbiased. The 
appropriate estimator-and that used in empirical 
work to date-is Weighted Least Squares (WLS). The 
WLS estimate of the SII can be obtained by using the 
formula given on p. 324 of [ 161 or more simply [17, 
p. 2681 by running OLS on the following transformed 
equation 
h, Jn, = z Jnj + PXj ,jn, + U, 
where h, is the health score of class j, nj is the size of 
class j, xj is the relative rank of persons in class j and 
u, is a homoskedastic error term. Thus the appropri- 
ate weights in this case are the class sizes (or 
proportions): the health and relative rank of each 
class are then multiplied by the square root of the 
I 
RV 0.0 TV %lM 1.0 RelaWe 
Fig. Slope index of inequality. 
appropriate weight. It is worth emphasizing that 
there is no constant term in the transformed 
equation: instead Jn, is entered as a regressor. 
It is clear from Fig. 6 that the SII avoids the defects 
of the range measure: it reflects the experiences of the 
entire population and it is sensitive to the distribution 
of the population across socioeconomic groups. 
Moreover, because it ranks socioeconomic groups by 
socioeconomic status rather than by health, the SII 
reflects the socioeconomic dimension to inequalities 
in health. It may be verified, for example, that the SII 
for the data in Figs 2, 4 and 5 are 0.00, -30.00 and 
+30.00 respectively-a set of results that accords 
with the notion of inequality as constituting a class 
gradient. 
One additional noteworthy feature of the SII is its 
sensitivity to the mean health status of the popu- 
lation. Suppose that everyone’s health doubled. Then 
the bars in Fig. 6 would become twice as high and the 
SII would double. Whether inequality doubled 
a point relative have 
the but differences widened. it 
the that regarded important, SII 
be by mean of in 
case doubling everyone’s would the 
index Pamuk refers this 
as reIative inequality Clearly 
on in mean changes 
the the and may move opposite 
over This happens 
Pamuk’s analysis trends inequality 
social in and the is 
in than 1930-32, the is 
of RII. 
concenlration 
Another that been in analysis 
inequalities health the index 
As the and people ranked by 
health by socioeconomic begin- 
with most The labelled 
in 7 a curve health. 
plots cumulative of population 
with most and 
with least against cumulative 
of If is distributed 
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Fig. 7. Health concentration curve. 
across socioeconomic groups, the concentration 
curve will coincide with the diagonal. If poor health 
is concentrated in the lower socioeconomic groups, 
the health concentration curve lies below the diag- 
onal. The further gi”*(s) lies from the diagonal, the 
greater the degree of inequality in health. 
The health concentration indexdenoted by C-is 
defined as twice the area between the concentration 
curve and the diagonal. This index provides a 
measure of the extent of inequalities in health that are 
systematically associated with socioeconomic status. 
Following the convention in the tax literature [20] the 
concentration index is defined as positive when the 
concentration curve lies below the diagonal and 
negative when it lies above the diagonal. Thus the 
lowest value that C can take is - 1: this occurs when 
all the population’s health is concentrated in the 
hands of the most disadvantaged person (so that 
guti is r-shaped). The maximum value the index 
can take is + 1: this occurs when all the population’s 
health is concentrated in the hands of the least 
disadvantaged person (so that gi”ti(s) is J-shaped). 
It is worth noting that concentration curve 
approach can also be used when it is inequality in 
ill-health that is being assessed. In this case the 
concentration curve lies above the diagonal if illness 
is concentrated amongst the lower socioeconomic 
groups. The illness concentration index-defined as 
twice the area between the concentration curve and 
the diagonal-is positive when the concentration 
curve lies below the diagonal (illness is concentrated 
amongst the higher socioeconomic groups) and 
negative when it lies above the diagonal (illness is 
concentrated amongst the lower socioeconomic 
groups). 
That the concentration index avoids the defects of 
the range measure is clear: it reflects the experiences 
of the entire population and it is sensitive to the 
distribution of the population across socioeconomic 
groups. Moreover, because it ranks individuals by 
socioeconomic status rather than by health (hence the 
‘s’ in brackets after g”“i’ in Fig. 7 and the ‘h’ in 
brackets after guti in Fig. l), the concentration index 
also ensures that the socioeconomic dimension to 
inequalities in health is taken into account. 
The concentration index will give the same result as 
the Lorenz curve (or the pseudo-Lorenz curve if 
grouped data are being used) only if the ranking of 
units of analysis by health is the same as the ranking 
by socioeconomic stutus [21]. This is illustrated in 
Fig. 8 which shows the concentration curves corre- 
sponding to the data in Figs 2, 4 and 5. Only the 
concentration curve corresponding to Fig. 5 has the 
same shape as the pseudo-Lorenz curve of Fig. 3. 
This is because this is the only example where the 
ranking of classes by health coincides with the rank- 
ing by socioeconomic status. The concentration 
curves corresponding to Figs 4 and 5 lie above and 
below the diagonal respectively, reflecting the fact 
that in Fig. 4 the class gradient favours the lowest 
class, whilst in Fig. 5 the gradient favours the top 
class. This is reflected in the fact that the concen- 
tration indices are the same in absolute value: the 
concentration indices corresponding to Figs 4 and 5 
are -0.133 and +0.133 respectively. Finally, the 
concentration curve corresponding to Fig. 2 crosses 
the diagonal at the 50% point, resulting in a concen- 
tration index value of 0.000. This result makes sense 
if one accepts the argument that there is no class 
gradient in Fig. 2 and accords with the zero value of 
the SII in this example. Figure 8 does, however, make 
explicit something that is implicit in the judgement 
that there is no inequality in Fig. 2, namely that the 
relative advantage of class III ought to be allowed to 
offset the relative disadvantage of class II. What this 
means in terms of Fig. 8 is that the area above the 
diagonal (which reflects the advantaged position of 
the lowest class) ought to be offset against the area 
below the diagonal (which reflects the disadvantaged 
position of the middle class and the advantaged 
position of the top class). 
The result above concerning the importance of the 
rankings by health and by socioeconomic status is 
helpful when interpreting the two studies to date that 
have employed the pseudo-Lorenz curve approach 
(4, lo]. In their analysis of trends in inequalities in 
health across social classes, Preston et al. report that 
“for each of the time periods under consideration 
mortality decreases monotonically from social class I 
to social class V” [4, p. 2491. In this case, therefore, 
the pseudo-Lorenz curve and the concentration curve 
approaches give the same result. But this is unlikely 
to be the case generally, especially as the number of 
socioeconomic groups used increases. Preston et al. 
for example, employ their pseudo-Lorenz curve to 
compare inequality across 182 occupational classes in 
0% 20% 40% Ml% 80% 1 
Cumul % pop (ranked by social cl 
- fig 2 - fig 4 - fig 5 
Fig. 8. Concentration curves for Figs 2, 4 and 5. 
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1921-23 and 197&72. Though they do not indicate 
how the rankings by mortality and by socioeconomic 
status compare, it would be most surprising if they 
were identical. But even with fewer socioeconomic 
groups, differences in health and socioeconomic 
status rankings emerge: Leclerc et al. [lo], in their 
analysis of inequalities in France, rank by mortality 
and end up ranking foremen well ahead of managers. 
We illustrate the implications of the different 
rankings in Section 4. 
The RII and concentration index compared 
This completes our review of the inequality 
measures employed to date in the inequalities in 
health literature. Of the indices reviewed only the SII, 
RI1 and concentration index meet what would appear 
to be the minimal requirements of an inequality 
measure in this context: (i) that it reflect the socioeco- 
nomic dimension to inequalities in health; (ii) that it 
reflect the experiences of the entire population (rather 
than just, say, social classes I and V); and (iii) that it 
be sensitive to changes in the distribution of the 
population across socioeconomic groups. 
Of these three indices, the SII differs from the other 
two in that it is sensitive to changes in mean health 
status. As we have noted above, this will make the SII 
attractive to those who wish to emphasize absolute 
differences between people or groups rather than 
relative differences. In this regard it is worth noting 
that it is possible to generalize the concentration 
curve so that it too is sensitive to changes in mean 
health status. This generalized concentration curve is 
illustrated in Fig. 9 and is the analogue of Shorrock’s 
[22] generalized Lorenz curve. The curve in Fig. 9 is 
simply the standard concentration curve multiplied 
by the mean level of health (in this case assumed to 
be 10 units). It therefore shows the cumulative 
percent of the population (ranked, as before, by 
socioeconomic status) graphed against the cumulat- 
ive amount of health (rather than the share of health). 
The generalized concentration i dex is then defined as 
twice the area between the generalized concentration 
curve and the diagonal. 
In effect, then, there would appear to be just two 
measures of inequality that would seem suited to the 
measurement of inequalities in health: the SII and the 
generalized concentration index (if one wants an 
Cum % pop ranked by sac-econ status 
Fig. 9. Generalized concentration curve. 
index that is sensitive to changes in mean health 
status), and the RI1 and standard concentration index 
(if one does not). In fact, the choice is simpler than 
this, since the SII and the generalized concentration 
index are closely related, as are the RI1 and the 
standard concentration index. The latter can be 
shown [21] to be equal to 
C = 2 cov(x,h)/p, 
where cov(x,h) is the covariance between the relative 
rank x and health h, and p is the mean level of health. 
The similarity with the SII becomes apparent when 
one notes that cov(x,h) can be found by running a 
regression of h on x [23]. The slope coefficient, /3, from 
this regression is equal to 
B = cov(x,h)/var(x), 
where var(x) is the variance of the relative rank 
variable. Hence 
C = 2 var(x)(B/r). 
It may be verified that this result holds irrespective of 
whether individual-level data or grouped data are 
used: calculation of C on grouped data by the more 
common method of linear approximation [24] gives 
precisely the same result as is obtained by substituting 
the WLS estimate of /I into the formula for C above. 
It thus emerges that the RI1 (8/p) is equal to the 
concentration index divided by twice the variance of 
the relative rank variable. Moreover, since the 
generalized concentration index is the standard 
concentration index multiplied by mean health, the 
SII is equal to the generalized concentration index 
divided by the variance of the relative rank variable. 
This result is useful, since it shows that there is little 
to choose between the RI1 (or SII) and the concen- 
tration index (or generalized concentration index). 
However, although the RI1 and SII have perhaps a 
more immediate graphical interpretation than a 
concentration curve, the latter is arguably more 
useful as a visual device when performing compari- 
sons across countries or over time. This is especially 
true when grouped data are used and the sizes of the 
groups are not constant. In this case comparing a 
Fig. 6 drawn for one time period with that drawn for 
another becomes difficult. The same is not true of the 
concentration curve where, as will be seen below, 
before-and-after and them-and-us comparisons are 
both straightforward and revealing. 
3. INEQUALITIES IN MORBIDITY 
Ever since the publication of the Black Report [1] 
there has been a good deal of interest in comparative 
studies of inequalities in morbidity. Have inequalities 
in morbidity in country X been increasing or dimin- 
ishing over time? Are they more pronounced than the 
inequalities in morbidity in country Y? 
There are those [25] who warn against such 
comparisons on the grounds that the variables 
concerned-morbidity and socioeconomic status- 
may be interpreted differently in different countries 
and at different times. This is undoubtedly true. It 
may well be, for example, that the health threshold 
below which people define themselves to be in poor 
health changes over time or varies across countries.. 
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But whilst this has clear implications for the mean 
morbidity level, it is not obvious that it has any 
implications for inequality in morbidity. This will 
only be affected if the threshold gradient changes over 
time or varies across countries. Have, for example, 
those in social class I changed their threshold more 
quickly (or slowly) than the rest of the population? 
Clearly, changes in the average threshold tell us 
nothing about any changes in the threshold gradient: 
such changes may or may not occur when the mean 
threshold changes; indeed, such changes may occur 
even when the mean threshold is not changing. What 
the argument does imply is that in comparing 
inequalities in morbidity over time or across countries 
it is probably better to employ a measure of 
inequality that is independent of the mean level of 
morbidity. 
In the several recent comparative studies of 
inequality authors have tended to rely on the range 
measure of inequality or on a visual inspection of the 
class gradient. In this section we show how the data 
reported in some of these studies can usefully be 
reworked to obtain a more precise picture of inequal- 
ity. Given our comments above, we use a measure of 
inequality that is independent of the mean level of 
morbidity. Given the visual advantage of the concen- 
tration curve over the RII, we have employed the 
former in what follows. Since the concentration index 
and the RI1 are related, it is clear that similar 
conclusions would have been reached if the RI1 had 
been used instead. 
Inequalities in morbidity: Britain and Sweden 
compared 
Lundberg [26] and Vagero and Lundberg [27] 
report the results of a comparison of inequalities in 
morbidity across social classes in Sweden and Britain. 
In contrast to other cross-country comparisons of 
social class inequalities in morbidity [25], these stud- 
ies employ the British Registrar General’s social class 
classification system for both countries. Table II of 
their paper contains information on the proportion of 
each country’s population falling into social classes I, 
II, IIN, IIIM, IV and V, as well as the relevant 
age-standardized rates of prevalence of long-standing 
illness for men and women aged 16 and over. Though 
the relative prevalence figures are normalized to form 
0.d b 
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Fig. 10. Prevalence of chronic illness, England and Wales, 
and Sweden, 1981. 
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Fig. 11. Inequalities in morbidity, England and Wales, and 
Sweden. 
a product of 1.00, the normalization factor cancels 
out when thejth class’s share of the sick population 
is calculated. Thus the latter can be found by multi- 
plying each class’s prevalence rate by its population 
share and dividing the sum of these products into the 
product for the jth class. 
The variation of prevalence rates across social 
classes can be seen from Fig. 10. The range is 
evidently greater in the case of Britain: the ratio of 
class V’s prevalence rate to that of class I is 2.65 in 
Britain, but only 1.52 in Sweden. The concentration 
curves, however, tell a quite different story: see 
Fig. Il. The Swedish curve cuts the British curve 
from below and is, on average, further from the 
diagonal than the British curve. This reflects the fact 
that whilst in Britain the class gradient declines fairly 
gradually, in Sweden there is relatively little inequal- 
ity amongst the lower social classes but a substantial 
gap between the top two classes (which together 
account for almost 30% of the Swedish population) 
and the rest of the population. This feature of the 
Swedish morbidity distribution is, of course, not 
picked up by the range measure. Not surprisingly, in 
view of the remarks above, the concentration index 
for Sweden is larger in absolute value than that for 
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Fig. 12. Prevalence ofchronic illness in the Nordic countries. 
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Inequalities in morbidity: the Nordic countries 
compared 
Figure 12, based on Table 6 of Ref. [7], shows the 
variations across income groups in age-standardized 
chronic sickness rates of persons aged 15-64 in 
Denmark, Finland and Sweden in 1972. 
The illness concentration curves corresponding to 
these data are shown in Fig. 13. It is apparent that 
the concentration curves for Finland and Sweden lie 
everywhere above the diagonal, whilst the curves for 
Denmark and Norway cross the diagonal. The 
Danish curve crosses from below, reflecting the fact 
that-according to the data reported in Ref. [A- 
those in the bottom income quintile in Denmark 
appear to be less likely than anyone else in Denmark 
(apart from those in the top income quintile) to have 
a chronic health problem. The Norwegian concen- 
tration curve, by contrast, crosses the diagonal twice, 
first from above, reflecting the fact that persons in the 
fourth income quintile in Norway are apparently 
more prone to chronic sickness than anybody else 
except those in the bottom quintile, and then from 
below, reflecting the low illness rate of the top quintile. 
It is also apparent that the Finnish concentration 
curve lies everywhere above the Swedish curve, which 
in turn lies everywhere above the Norwegian curve. 
This implies that inequalities in health-as measured 
by chronic sickness-are unambiguously less pro- 
nounced in Sweden than in Finland, but more pro- 
nounced in Sweden than in Norway. Thus not only 
does Finland have the highest average chronic sick- 
ness rate of the Nordic countries; it also appears to 
have the highest degree of inequality. 
Some idea of the extent of inequality in these 
countries can be gleaned from the concentration 
index values: Denmark: - 0.048; Finland: -0.115; 
Norway: -0.024; Sweden: -0.072. The ranking of 
the last three confirms our earlier remarks about the 
concentration curves. Interestingly, despite the low 
sickness rate amongst the bottom quintile in 
Denmark, the overall picture is one of inequality 
favouring the rich. Indeed, on balance, there is- 
according to the concentration index scores-more 
inequality in health in Denmark than in Norway. 
Interestingly, the opposite conclusion is reached if one 
uses the range measure: the ratio between the lowest 
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Fig. 14. Prevalence of chronic illness, Finland 1964-76. 
Trends in inequality in morbidity in Finland 
Figure 14, based on Table 3 of Ref. [7j, shows the 
age-standardized chronic illness rate amongst persons 
aged 15 -t for each quintile of family income in 
Finland in 1964, 1968 and 1976. 
The illness concentration curves corresponding to 
these data are shown in Fig. 15. It is evident that all 
three illness concentration curves lie everywhere 
above the diagonal. Inequalities in health thus existed 
in each year and unambiguously favoured the better 
off. It is also evident that the 1968 concentration 
curve lies everywhere above the 1964 curve, implying 
that inequalities in health were unambiguously 
greater in 1968 than in 1964. Between 1968 and 1976 
the illness concentration curve moves out at the 
bottom of the income distribution but inwards at the 
top, so that curves for the two years cross. The 
outwards movement at the bottom reflects the 
deterioration in health of the bottom quintile. It is 
also evident that the curves for 1964 and 1976 also 
cross. 
Some idea of the extent of inequality in the three 
years can be got from the concentration index values: 
-0.114 in 1964, -0.131 in 1968 and -0.105 in 1976. 
The fact that the index value for 1964 is lower in 
absolute value than the index score for 1968 is to 
be expected given the relative positions of the 
o,- 
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Fig. 15. Inequalities in morbidity, Finland 1964-76. 
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concentration curves for these two years. That the 
index score for 1976 is lower than that for 1968 
indicates that on balance inequalities in health were 
less pronounced in 1976 than in 1968. Indeed, the 
index scores indicate that on balance there was less 
inequality in health in Finland in 1976 than in 1964. 
It is worth noting that in this case the range measure 
leads to the same conclusion. 
Choice of morbidity indicator and the measurement of 
inequality 
There is another type of comparison where 
measures of inequality are useful, namely in compari- 
son across health measures. Blaxter [25], for example, 
finds that class gradients tend to be steeper when 
morbidity is measured in terms of chronic illness than 
when measured in terms of restricted activity days. 
Unfortunately, Blaxter’s data cannot be reworked 
into concentration curves, since the data are not 
presented in tables; nor is there any indication of the 
distribution of the population across socioeconomic 
groups. Our data in this section are therefore primary 
data. They relate to Italy and the Netherlands and are 
taken from the 1985 Italian Health Care Consumption 
Survey [28] and the combined 1981 and 1982 Dutch 
CBS Health Interview Survey. 
We explore the implications of choosing between 
three measures of morbidity: (i) chronic sickness (did 
the person suffer from a chronic condition?), (ii) 
restricted activity days (we have examined simply the 
percentages reporting some restricted activity days), 
and (iii) self-perceived health (we have distinguished 
simply between people who regarded their health as 
at least good and those who regarded it as less than 
good). Our chronic illness indicator fits in with 
Blaxter’s [25] medical model, in which ill-health is 
defined in terms of a deviation from physiological 
norms. Our restricted activity days (RADs) indicator, 
by contrast, fits in with her social-interactional or 
functional model, in which ill-health is defined in 
terms of a lack of ability to perform ‘normal’ tasks 
or roles. Finally, our self-assessed health indicator fits 
in with Blaxter’s subjective model, in which ill-health 
is defined in terms of the individual’s perception. 
Figures 16 and 17 show the percentage of persons 
in each income group reporting chronic sickness, ‘not 
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Fig. 17. Sickness rates in The Netherlands. 
good’ health, and at least one RAD. The fact that the 
proportion of the sample reporting their health to be 
‘not good’ is smaller in Italy than in the Netherlands 
probably stems at least in part from the fact that the 
phrasing of the question was different in the two 
countries, though, of course, threshold effects may 
also be at work. Of more interest in the present 
context is the fact that there are clear gradients in 
both countries for the first and second health 
indicators, but not for the RADs indicator. This is 
consistent with Blaxter’s [25] results: she found class 
gradients in most countries in chronic illness and 
self-perceived health, but detected very little variation 
across occupational groups in the proportions of 
persons reporting restricted activity days. 
By combining the data in Figs 16 and 17 with 
information on the distribution of the sample across 
the income classes, it is possible to plot the concen- 
tration curves in Figs 18 and 19. In both countries the 
same picture emerges: the concentration curve lies 
everywhere above the diagonal for the chronic sick- 
ness and health-not-good indicators but crosses the 
diagonal in the case of the RADs indicator. Accord- 
ing to the first two indicators, therefore, inequalities 
in morbidity exist in both countries and favour the 
better-off. The index values in Table 1 show that on 
balance inequality based on the RADs indicator 
favours the better-off in Italy but the worse-off in the 
Netherlands. The index values also indicate that, 
irrespective of which morbidity measure one chooses, 
inequalities in health across income groups appear to 
be slightly larger in Italy than in the Netherlands. 
More interesting in the present context is the 
finding that in both countries it is the RADs that give 
rise to the smallest amount of inequality, the chronic 
illness indicator that produces the next smallest 
amount, and self-perceived health which produces the 
biggest amount. Indeed, the differences in the index 
values for the chronic illness and self-perceived health 
indicators are remarkably similar: in both countries 
the index for the latter is a little over twice that of the 
former. Inequalities in health thus do seem to be fairly 
pronounced when ill-health is measured by chronic 
ADAM WAOSTApp ef al. 
Cumul % sample mnked by income 
+Chronic t-Health not -A-RADs 
sickness (lwd 
Fig. 18. Inequalities in morbidity, Italy 1985. 
sickness, as Blaxter notes. But they are even more 
pronounced when one uses self-perceived health as the 
morbidity indicator. 
4. INEQUALITIES IN MORTALITY 
As with inequalities in morbidity the Black Report 
[1] did much to stimulate interest in comparative 
studies of inequalities in mortality. In Britain, for 
example, as indicated in the Introduction, there has 
been a good deal of debate about whether inequalities 
in mortality have been increasing or diminishing. But 
there has also been a growing interest in cross- 
country comparisons [29]. Some of the recent 
literature in this area has employed the RII, which- 
as noted above-would appear to be a reliable 
measure of inequality in this context. Other work, 
however, has been based on less reliable measures, 
such as the range, the pseudo-Lorenx curve and the 
ID. In this section we show how the data in some of 
these studies can be reworked to obtain the more 
reliable concentration index measure of inequality. 
Inequalities in death: England and Wales, and Sweden 
compared 
Vager6 and Lundberg [27j report the results of a 
comparison of inequalities in mortality across social 
class in Sweden and England and Wales. As in their 
Cumul Y. sample mnked by income 
+Chronlc -Health not -A- RADs 
sickness wad 
Table 1. Concentration indias for Italy and Netherlands 
Italy Nethcrlaods 
RAD3 -0.005 0.011 
Health not good -0.167 -0.154 
Chronic illness -0.075 -0.071 
comparative study of morbidity inequalities reported 
above, the authors employ the British Registrar 
General’s social class classification system for both 
countries. Table I of their paper contains information 
on the proportion of each country’s population 
falling into social classes I + II, IIN, IIIM, and 
IV + V, as well as the relevant age-standardized eath 
rates for men aged 20-64. 
With this information it is possible to plot concen- 
tration curves for the two countries as in Fig. 20. It 
is evident that the Swedish concentration curve lies 
everywhere below that of England and Wales, imply- 
ing that inequalities in mortality are unambiguously 
higher in England and Wales than in Sweden. This is 
borne out by the concentration indices for the two 
countries, which are -0.081 and -0.042 respect- 
ively. The ranking of the two countries is in this case 
the same as that obtained using the range measure of 
inequality. It is interesting to note, however, that the 
percentage difference between the concentration 
index values (94.5%) is considerably greater than the 
percentage difference in the ratio of class IV + V 
death rates to class I + II death rates (16.5%). 
Trends in inequalities in death: a comparison of Finland, 
and England and Wales 
Leclerc et al. [lo] report the results of a compara- 
tive study of inequalities in mortality in three 
countries using the pseudo-Lorenz curve approach. 
Their analysis provides a useful illustration of the 
advantages of the concentration curve approach over 
the pseudo-Lorenz curve approach and the dangers 
of using the latter. 
Table 3 of Ref. [lo] indicates the distribution across 
classes of the population aged 35-44 in England and 
Wales, as well as the number of deaths occurring in 
this age-band in each social class. Table 4 of Ref. [IO] 
indicates similar information for 8 socioeconomic 
Cumul % pop ranked by social class 
- England 6 Wales - Sweden 
Fig. 19. Inequalities in morbidity, The Netherlands 1981-82. 
Fig. 20. Inequalities in mortality, England and Wales, and 
Sweden. 
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groups for Finland. In both countries there are 
substantial differences in the ranking of socio- 
economic groups by mortality rate and by socioeco- 
nomic status. In England and Wales, for example, 
classes IV and IIIN both have higher mortality rates 
than class V, whilst in Finland the socioeconomic 
groups with the third and fourth highest mortality 
rates are socioeconomic groups 3 and 1 (the latter 
being the group with the highest status). 
Figure 21 shows the concentration curves for 
Finland and England and Wales. The Finnish curve 
is extremely irregular; indeed, it crosses the diagonal 
and the curve for Enland and Wales. Overall, 
however, it is evident that it is England and Wales 
that has the higher degree of inequality. This is borne 
out by the concentration indices for the two countries 
(-0.074 for Finland and -0.082 for England and 
Wales). Interestingly, this conclusion is precisely the 
opposite of that reached by Leclerc et al.: their 
pseudo-Gini coefficient for Finland was larger in 
absolute value than that for England and Wales. 
Trena5 in inequalities in potential life lost in England 
and Wales 
Comparisons such as those in Figs 20 and 21 take 
no account of the age at which people die [2]. That 
the gap between classes in the risk of dying before the 
age of 64 is greater in England and Wales than in 
Sweden does not mean that the gap between classes 
in the age at death of those dying prematurely is 
greater in England and Wales than in Sweden. A 
more attractive measure of mortality that takes into 
account not only the risk of premature death but also 
the age at which premature death occurs (if it does) 
is the number of years of potential lif lost [30]. 
Blane et al. [31] report the results of an analysis of 
social class inequalities in potential years of life lost 
in England and Wales. Their Table III reports inter 
alia social classes differences in the annual age-stan- 
dardized rate of potential years of life lost for men 
aged 15-64 for the years 1971 and 1981. 
By combining these rates with information on the 
populations in these years [32-351 it is possible to plot 
a concentration curve showing the cumulative 
percentage of the population (ranked by social class) 
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Fig. 21. Inequalities in mortality, England and Wales, and 
Finland. 
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qig. 22. Inequality in potential life lost. 
against the cumulative percentage of years of poten- 
tial life lost. Such curves are shown in Fig. 22 for 
1961, 1971 and 1981: the age-standardized rates of 
potential years of life lost for 1961 were calculated by 
us from Ref. [36]. It is evident that the 1971 curve 
crosses the 1961 from below: this reflects the improve- 
ment in the relative position of class V but the 
deterioration in the relative position of classes IV and 
V combined. In this case, therefore, the comparison 
of inequality in the two years is ambiguous, though 
for the most part the 1971 curve lies above the 1961 
curve. By contrast the comparison between 1971 and 
1981 is unequivocal: the 1981 curve lies everywhere 
above the 1971 curve, implying that inequalities in 
potential life lost unambiguously increased uring the 
1970s. The comparison between 1961 and 1981 is also 
unambiguous: the 1981 curve lies everywhere above 
that of 1961. 
The indices for the years 1961, 1971 and 1981 
respectively are: -0.083, -0.099 and -0.118. The 
latter two figures come as no surprise given the 
concentration curves for 1971 and 1981. That the 
1971 figure is greater in absolute value than the 1961 
figure reflects the fact that the area between the two 
curves prior to the crossover is much smaller than the 
area after the crossover. Interestingly, the range 
measure of inequality as used by Blane et al. (the ratio 
of the two extreme classes’ rates) tells the opposite 
story for the 1961/1971 comparison (the ratios are 
2.11 for 1961 and 2.10 for 1971) and a rather more 
dramatic story for the 1971/1981 comparison (the 
V:I ratio jumps by 33%, whilst the concentration 
index rises by a more modest 20%). 
Choice of mortality indicator and the measurement of 
inequality 
The use of years of potential life lost on the y-axis 
of the concentration curve diagram rather than the 
number of deaths raises the question: which measure 
gives rise to the greater degree of inequality? 
Table 2 shows the class distribution in England and 
Wales in 1981 of years of potential life lost and 
deaths. Both are age-standardized using the direct 
standardization method. The distribution of the 
population across social classes is taken from fiche 
CO3 of Ref. [37]. The age-standardized rates of years 
of potential life lost and age-standardized eath rates 
are taken from Table II of Ref. [31] and fiche DO2 of 
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Table 2. Distribution of years of potential ife lost and deaths. Male 
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Ref. (371 respectively. Figure 23 shows the corre- 
sponding concentration curves. It is apparent that the 
concentration curve for years of potential life lost lies 
everywhere outside that for deaths, implying that 
inequality is unambiguously greater if niortality is 
measured by years of potential life lost rather than by 
deaths. The implication is that those in the lower 
social classes are not only more likely to die prema- 
turely, but also tend to die at an earlier age if they do 
die prematurely. Tbis conclusion is, in fact, the same 
as that reached by Blane et al. [31] on the basis of a 
comparison of the class V:I ratios of years of 
potential life lost and SMRs. 
5. CONCLUSIONS 
Our primary objectives in this paper were to 
provide a critical review of the various measures of 
inequality that have been employed in the literature 
on inequalities in health to date and to identify which 
of these measures are best suited to measuring health 
inequality. We identified six measures of inequality 
that have been used: the range; the Gini coefficient 
(and the associated Lorenz curve) [2, 3,8,9]; a pseudo 
Gini coefficient (and an associated pseudo Lorenz 
curve) [4, lo]; the index of dissimilarity; the slope 
index of inequality; and the concentration index (and 
the associated concentration curve). 
Only the slope index of inequality and the concen- 
tration index meet what we argued were the minimal 
requirements of an inequality measure in this context: 
that it reflect the socioeconomic dimension to 
inequalities in health; that it reflect the experiences of 
the entire population (rather than just, say, social 
classes I and V); and that it be sensitive to changes 
in the distribution of the population across socioeco- 
nomic groups. The other four measures fail to satisfy 
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Fig. 23. Inequality in potential life lost and death. 
one or more of these criteria: the range measure fails 
to satisfy the second and third; the Gini coefficient, 
the pseudo-Gini coefficient and the index of dissimi- 
larity all fail to satisfy the first. We also showed that 
the two reliable measures were related to one another: 
the relative version of the slope index of inequality, 
which emphasizes relative rather than absolute differ- 
ence, turns out to be equal to the concentration index 
multiplied by twice the variance of the relative rank. 
It was also shown that the pseudo-GA coefficient 
only gives the same result as these two inequality 
measures when the ranking of socioeconomic groups 
by health and by socioeconomic status coincide. 
Our conclusions suggest, therefore, that if the aim 
of the exercise is to establish the extent of socioeco- 
nomic inequalities in health, one ought to interpret 
with caution the findings of studies that have 
employed one or other of the inequality measures 
that we have argued to be unreliable. By contrast our 
conclusions provide strong methodological support 
for the recent work of Pamuk [S, 151. 
Our second objective was to illustrate the import- 
ance of having a reliable measure of inequality in 
comparative studies of inequalities in health. For the 
most part the results reported in the paper simply 
involve reworking results published elsewhere where 
authors had relied on an unreliable measure of 
inequality. In several cases we found that use of the 
concentration index (and by implication the relative 
index of inequality) leads to quite different 
conclusions concerning the extent of inequalities in 
health. Use of the range measure, for example, leads 
to the conclusion that there is less class-related 
inequality in chronic sickness in Sweden than in 
England and Wales, whilst use of the concentration 
index leads to precisely the opposite conclusion. 
Likewise, use of the pseudo-Lorenz curve leads to the 
conclusion that there is less inequality in death 
amongst the 35-44 age group in Finland than in 
England and Wales, whilst use of the concentration 
curve leads one to conclude the opposite. 
It is, of course, not always the case that different 
inequality measures lead to different conclusions. We 
found, for example, that irrespective of whether one 
uses the range measure of inequality or the concen- 
tration index, inequalities in mortality in England 
and Wales in 198 1 were more pronounced if mortality 
is measured by years of potential life lost than if 
measured simply by deaths. However, given the 
potential for misleading results and the ease with 
which the relative index of inequality and the concen- 
tration index can be computed, reporting one or the 
other in future comparative studies seems highly 
desirable. The same is true of the concentration curve: 
it is easy to graph and greatly facilitates comparisons 
of inequality. 
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